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 H[SHULPHQWV 7KH PRVW UHSUHVHQWDWLYH + DQG &105
FKHPLFDOVKLIWVRIVXEVWLWXWHG%$'VDQG7%$'VDUHSUHVHQWHGLQ7DEOHV6DQG6FRUUHVSRQGLQJWR
WKHVWUXFWXUDOPRLHW\GHSLFWHGLQEROGLQ6FKHPH
%HQ]\OLGHQHS\ULPLGLQHV DH ZHUH V\QWKHVLVHG E\ D .QRHYHQDJHO FRQGHQVDWLRQ UHDFWLRQ LQ H[FHOOHQW
\LHOGV  EDVHG RQ WKH PHWKRG UHSRUWHG E\ 'HE HW DO >@ LQ ZKLFK WKH UHDFWLRQ WHPSHUDWXUH ZDV
FKDQJHGIURP &WRUHIOX[7KHQWKH&GRXEOHERQGRIEHQ]\OLGHQHS\ULPLGLQHHZDVUHGXFHGDWURRP
WHPSHUDWXUHE\1D%+LQHWKDQRODFFRUGLQJWRWKHPHWKRGGHVFULEHGE\<DQHWDO>@WRJLYHFRPSRXQGLQ
 \LHOG 7KH FKDQJH RI WKH \HOORZ DU\OLGHQH FRORU WR ZKLWH GXH WR D FRQMXJDWLRQ H[WHQVLRQ UHGXFWLRQ
WRJHWKHU ZLWK WKH DEVHQFH RI WKH +105 VLQJOHW DW  SSP H XQVDWXUDWHG PHWKLQH &+ DQG WKH
REVHUYDWLRQRIDWULSOHWDQGGRXEOHWVLJQDOVFRUUHVSRQGLQJWRWKHPHWKLQHDQGPHWK\OHQHLQDGMDFHQWFDUERQVDW
DQGSSPUHVSHFWLYHO\REVHUYHGLQWKH+105VSHFWUDRIDUHWKHPRVWLPSRUWDQWHYLGHQFHVRID
VXFFHVVIXOUHGXFWLRQUHDFWLRQ$GGLWLRQDOO\WKHF\DQRPHWK\OGHULYDWLYHVDEZHUHREWDLQHGLQ\LHOG
IURP WKH UHVSHFWLYH EURPREHQ]\OLGHQHS\ULPLGLQHV IROORZHG E\ WKH DGGLWLRQ RI VRGLXP F\DQLGH >@
2QFHDJDLQWKHUHGXFWLRQZDVHYLGHQFHGE\ WKHFKDQJH LQFRORURIWKHVROLGWRZKLWHDQGE\REVHUYDWLRQRI
GHVKLHOGHGPHWK\OHQH&++105VLQJOHWVLJQDOVDWSSPIRUFRPSRXQGVDE
7KHDFHW\OS\ULPLGLQHVDFZHUHV\QWKHWL]HGXVLQJWKHSURFHVVGHVFULEHGE\-XUVLFHWDO>@LQJRRGWR
YHU\JRRG \LHOGV 7KHQ WKHLU K\GUD]LQHGHULYDWLYHV DJZHUH HDVLO\SUHSDUHG DIWHU UHDFWLRQZLWK
K\GUD]LQH DQG GLIIHUHQW SKHQ\OK\GUD]LQHV LQ UHIOX[LQJ PHWKDQRO XVLQJ WKH PHWKRG GHVFULEHG E\ WKH VDPH
DXWKRUV>@DOVRLQJRRGWRYHU\JRRG\LHOGV
7KH SKHQ\ODPLQRPHWK\OHQHS\ULPLGLQHV DM DQG S\ULPLGLQ\OLGHQHXUHDVWKLRXUHDV DJ ZHUH
REWDLQHGLQPRGHUDWHWRYHU\JRRG\LHOGVE\UHDFWLRQRIWULHWK\ORUWKRIRUPDWHZLWKXUHDRUWKLRXUHD
DQGGLIIHUHQWDQLOLQHVUHVSHFWLYHO\LQUHIOX[LQJEXWDQROE\D0&5EDVHGRQWKHPHWKRGGHVFULEHGE\5DXI
HW DO >@ ,Q WKLV SURFHGXUH WKH VROYHQW ZDV H[FKDQJHG IURP EXWDQRO WR EXWDQRO ZKLFK DOORZHG WKH


LQFUHDVH RI WKH UHIOX[ WHPSHUDWXUH UHVXOWLQJ LQ KLJKHU \LHOGV RI SURGXFWV $V UHSUHVHQWDWLYH H[DPSOHV WKH
\LHOGV RI SKHQ\ODPLQRPHWK\OHQHS\ULPLGLQHV K DQG M ZHUH FKDQJHG IURP  DQG  WR  DQG 
UHVSHFWLYHO\ZKHQWKHUHDFWLRQWHPSHUDWXUHLQFUHDVHG
'HWDLOHG + DQG &105 DQDO\VLV VXJJHVWHG WKDW WKH HQDPLQH WDXWRPHU IRUP $ ZDV SUHVHQW LQ DOO
S\ULPLGLQH GHULYDWLYHV  LQ '062G 7KH LPLQH IRUP K\GUD]RQH % DSSHDUV WR EH DEVHQW )LJXUH 
FRQWUDU\ WR ZKDW ZDV UHSRUWHG IRU K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV >@ 6SHFLILFDOO\ WKH 1+ +105
VLJQDO EHWZHHQ  DQG  SSP FRUUHODWHG WR WKH & VLJQDO LQ +0%& H[SHULPHQWV ZKLFK PDNHV
XQHTXLYRFDOHYLGHQFHRIWKHH[FOXVLYHH[LVWHQFHRIWDXWRPHU$LQ'062G

)LJXUH(QDPLQH$DQGLPLQH%WDXWRPHULFIRUPV

 ;DQWKLQHR[LGDVH LQKLELWRU\DFWLYLW\ 
7KH HYDOXDWLRQ RI WKH ;2 LQKLELWRU\ DFWLYLW\ RI %$'V DQG 7%$'V  ZDV PDGH XVLQJ D
VSHFWURSKRWRPHWULFPHWKRGXQGHUDHURELFFRQGLWLRQVZLWK[DQWKLQHDVWKHVXEVWUDWHDQGIROORZLQJXULFDFLG
IRUPDWLRQE\PHDVXULQJ WKH DEVRUEDQFH DW QP DVGHVFULEHG LQ WKH OLWHUDWXUH >@7KH FRPPHUFLDO
GUXJDOORSXULQROZDVXVHGDVWKHSRVLWLYHFRQWURO7KHVWXG\VWDUWHGZLWKDVFUHHQLQJDW0FRQFHQWUDWLRQ
7DEOH6DQGDIWHUWKLVSUHOLPLQDU\HYDOXDWLRQFRQFHQWUDWLRQUHVSRQVHVWXGLHVZHUHSHUIRUPHGIRUWKH%$'V
DQG7%$'VZKLFKSUHVHQWHGDQLQKLELWRU\HIIHFWRIRUKLJKHULQRUGHUWRGHWHUPLQHWKHLUKDOIPD[LPDO
LQKLELWRU\FRQFHQWUDWLRQ,&YDOXHV
,QJHQHUDO WKHPDMRULW\RI%$'VDQG7%$'VZDVDEOH WR LQKLELW;2DFWLYLW\ 7DEOH6ZLWK WKHPRVW
DFWLYHFRPSRXQGVEHLQJWKHEHQ]\OLGHQHS\ULPLGLQHVFDQGGDQGWKHK\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV

FDQGH )LJXUHZLWKDQ,&RIDQGђ0UHVSHFWLYHO\7DEOH)RUWKHSRVLWLYH
FRQWURO DOORSXULQRO DQG XQGHU WKH DVVD\ FRQGLWLRQV HPSOR\HG DQ ,& YDOXH RI  0 ZDV FDOFXODWHG
ZKLFKLVLQDJUHHPHQWZLWKWKHUHSRUWHGYDOXHV>@7KURXJKWKHDQDO\VLVRIDOOWKHVHUHVXOWVVRPHLPSRUWDQW
VWUXFWXUDO IHDWXUHV IRU WKH ;2 LQKLELWLRQ FRXOG EH LQIHUUHG *HQHUDOO\ %$'V VKRZHG EHWWHU ;2 LQKLELWRU\
HIIHFWLQFRPSDULVRQWRWKHLUFRQJHQHUV7%$'VDQGEXONLHUVXEVWLWXHQWVDW&DQGVPDOOHUJURXSVDW1DQG
1 6FKHPH  DOVR VHHPHG WR IDYRXU WKLV DFWLYLW\ 0RUHRYHU WKH K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQH F
VXEVWLWXWHGZLWKDPHWK\OJURXSDW1DQG1FOHDUO\SUHVHQWHGEHWWHUDFWLYLW\WKDQLWVK\GURJHQDWHGDQDORJXH
G$GGLWLRQDOO\ WKHSUHVHQFHRIDGLQLWURV\VWHPIVHHPHGWRUHGXFHWKLVDFWLYLW\ZKHQFRPSDUHGWR
WKHFRQJHQHUVK\GUD]LQ\OSKHQ\OFDQGQLWURSKHQ\OH)LJXUH
)LJXUH,QYLWUR;2LQKLELWRU\DFWLYLW\RIFRPSRXQGVFGFIDQGDOORSXULQRO5HVXOWVDUHH[SUHVVHG
DV DYHUDJH YDOXHV  VWDQGDUG HUURU RI WKH PHDQ 6(0 $ S   YHUVXV QHJDWLYH FRQWURO LQ WKH
VWDWLVWLFDOVLJQLILFDQFHDQDO\VLV6WXGHQWVWWHVWZDVREVHUYHGIRUDOOFRPSRXQGVH[FHSWIRUG

7DEOH,QYLWUR,&YDOXHVIRU;2LQKLELWLRQDQG'33+UDGLFDOVFDYHQJLQJDFWLYLW\RIFRPSRXQGVF
GFHDQGUHVSHFWLYHUHIHUHQFHVDOORSXULQRODQG7UROR[



 &RPSRXQG ;20D
'33+0D
PLQ PLQ
F  QGE QGE
G  QGE QGE
F   
G QGE  
H   
$OORSXULQRO  QGE QGE
7UROR[ QGE  
D,&YDOXHVUHSUHVHQWDVPHDQRIWKUHHGHWHUPLQDWLRQVEQGQRWGHWHUPLQHG

 $QWLR[LGDQWDFWLYL W\ DV'33+UDGLFDOVFDYHQJ HU
7KH'33+UDGLFDOVFDYHQJLQJDFWLYLW\RI%$'VDQG7%$'VZDVHYDOXDWHGXVLQJDVSHFWURSKRWRPHWULF
PHWKRGE\PHDVXULQJWKHDEVRUEDQFHRIWKLVUDGLFDODWQPEDVHGRQWKHDYDLODEOHOLWHUDWXUH>@DQG
XVLQJ7UROR[DVWKHUHIHUHQFHFRPSRXQG$VFUHHQLQJZDVILUVWSHUIRUPHGDWWKHFRQFHQWUDWLRQRIђ0DIWHU
DQGPLQXWHVRILQFXEDWLRQ7DEOH6,&YDOXHVZHUHIXUWKHUGHWHUPLQHGIRU%$'VDQG7%$'VZKLFK
SUHVHQWHGD'33+UDGLFDOVFDYHQJLQJDFWLYLW\KLJKHUWKDQ7DEOH
0RVW RI WKH WHVWHG FRPSRXQGV SUHVHQWHG QR DSSUHFLDEOH '33+ UDGLFDO VFDYHQJLQJ FDSDFLW\ 7DEOH 6
+RZHYHUK\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHVFHZHUHFOHDUH[FHSWLRQV)LJXUHDQG WKHGHWHUPLQHG,&
YDOXHVZHUHDQGђ0UHVSHFWLYHO\DWPLQXWHVDQGDQGђ0DWPLQXWHV
7DEOH  3DUWLFXODUO\ XQGHU WKHVH H[SHULPHQWDO FRQGLWLRQV WKH UDGLFDO VFDYHQJLQJ DELOLW\ RI WKHVH 
K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHVZDVVXSHULRUWRWKHRQHREVHUYHGZLWK7UROR[ZKRVHFDOFXODWHG,&YDOXHV
DQGђ0DIWHUDQGPLQXWHVUHVSHFWLYHO\DUHLQDJUHHPHQWZLWKWKHOLWHUDWXUH>@&RQFHUQLQJ
WKH VWUXFWXUDO IHDWXUHV UHOHYDQW IRU WKLV DFWLYLW\ WKHK\GUD]LQ\O GHULYDWLYHV JOREDOO\ SUHVHQWHG KLJKHU '33+
UDGLFDO VFDYHQJLQJ FDSDFLW\ ZKHQ FRPSDUHG ZLWK PRVW RI WKH RWKHU FRPSRXQGV 0RUH VSHFLILFDOO\ WKH
DURPDWLF K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV FH FDQ EH UHOHYDQW VWDUWLQJ SRLQWV WR GHYHORS LPSURYHG
DQWLR[LGDQW FRPSRXQGV DFWLQJ DV UDGLFDO VFDYHQJHUV ,Q DGGLWLRQ LW LV LQWHUHVWLQJ WR QRWH WKDW WKH 
K\GUD]LQ\OSKHQ\O FG DQG K\GUD]LQ\OQLWURSKHQ\O H GHULYDWLYHV KDG EHWWHU DFWLYLW\ WKDQ WKHLU
K\GURJHQDWHG DE RU GLQLWURSKHQ\O IJ FRXQWHUSDUWV ,Q WKLV FRQWH[W LW LV ZRUWK PHQWLRQLQJ WKDW WKH


DQWLR[LGDQW DFWLRQ RI RWKHU GLIIHUHQW RUJDQLF K\GUD]LQHV KDV DOUHDG\ EHHQGHVFULEHG >@ )LQDOO\ WKH 
S\ULPLGLQ\OLGHQHXUHDVGDQGIH[KLELWHGDPRGHUDWHUDGLFDOVFDYHQJLQJDFWLYLW\)LJXUH

)LJXUH  ,Q YLWUR '33+ UDGLFDO VFDYHQJLQJ DFWLYLW\ IRU K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV DJ 
S\ULPLGLQ\OLGHQHXUHDV G I DQG 7UROR[ SRVLWLYH FRQWURO 5HVXOWV DUH H[SUHVVHG DV DYHUDJH YDOXHV 
6(0$SYHUVXVQHJDWLYHFRQWUROLQWKHVWDWLVWLFDOVLJQLILFDQFHDQDO\VLV6WXGHQWVWWHVWZDVREVHUYHG
IRUDOOFRPSRXQGV

7DNHQ WRJHWKHU LW LV LPSRUWDQW WRQRWH WKHUHOHYDQW;2LQKLELWLRQDQG WKHKLJK'33+UDGLFDOVFDYHQJLQJ
DFWLYLW\ RI WKH K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV F DQG H $V WKH QHZ ;2 LQKLELWRUV VKRXOG KDYH D
UHPDUNDEOHUDGLFDOVFDYHQJLQJFDSDFLW\WKHVHUHVXOWVVHHPSURPLVLQJ>@

 $QWLEDFWHULDO DFWLYL W\ 


7KH DQWLEDFWHULDO SRWHQWLDO RI DOO V\QWKHVL]HG %$'V DQG 7%$'V  ZDV VWXGLHG LQ %DFLOOXV FHUHXV
6WDSK\ORFRFFXV DXUHXV (VFKHULFKLD FROL .OHEVLHOOD SQHXPRQLDH 3VHXGRPRQDV DHUXJLQRVD 6DOPRQHOOD
HQWHULFDVXEVSHQWHULFDVHURYDU7\SKLPXULXPDQG$FLQHWREDFWHUEDXPDQQLLVWUDLQVXVLQJWHWUDF\FOLQHDVWKH
UHIHUHQFHFRPSRXQG7DEOH6
5HJDUGLQJWKHDQWLEDFWHULDODFWLYLW\RIWKHFRPSRXQGVXQGHUVWXG\PRVWRIWKHDVVD\HG%$'VDQG7%$'V
GLG QRW VKRZ DFWLYLW\ DJDLQVW WKH WHVWHG *UDPSRVLWLYH DQG *UDPQHJDWLYH EDFWHULDO VWUDLQV ZLWK PLQLPXP
LQKLELWRU\FRQFHQWUDWLRQV0,&KLJKHUWKDQђ07KHVHUHVXOWVDUHLQDJUHHPHQWZLWKWKHSUHYLRXVUHSRUWV
UHIHUULQJ WR VHYHUDO IXQFWLRQDOL]HG %$'V DQG 7%$'V ZKLFK ZHUH LQDFWLYH DJDLQVW GLIIHUHQW VWUDLQV RI
EDFWHULDDQGIXQJL>@+RZHYHUS\ULPLGLQHVFG0,&ђ0DQGH0,&ђ0H[KLELWHGD
UHOHYDQW DQG VHOHFWLYH DQWLEDFWHULDO DFWLYLW\ DJDLQVW $ EDXPDQQLL ,Q IDFW WKH SUHVHQFH RI D SQLWURSKHQ\O
PRLHW\ ERXQG WR WKH K\GUD]LQH JURXS RI K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV 6FKHPH  VHHPV WR SOD\ DQ
LPSRUWDQW UROH VLQFH DQ LQFUHDVH LQ WKLV DQWLEDFWHULDO DFWLYLW\ ZDV REVHUYHG LQ UHODWLRQ WR WKH XQVXEVWLWXWHG
SKHQ\O DQDORJV FG ,Q DGGLWLRQ WKH SUHVHQFH RI PRUH WKDQ RQH QLWUR JURXS LQ WKH SKHQ\O JURXS 
GLQLWURSKHQ\O GHULYDWLYHV IJ GHFUHDVHG WKH DFWLYLW\ RI WKHVH K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV +HQFH D
VXLWDEOHDURPDWLFVXEVWLWXHQWDW5RIWKHVHS\ULPLGLQHVFDQIDYRXUWKLVDFWLYLW\)XUWKHUPRUHLWLVLPSRUWDQWWR
QRWH WKDW FRPSRXQG G ZLWK XQVXEVWLWXWHG S\ULPLGLQRQH QLWURJHQV KDG DQWLEDFWHULDO DFWLYLW\ DJDLQVW $
EDXPDQQLLEXWZDVGHYRLGRI;2LQKLELWRU\HIIHFWV
7KHHPHUJHQFHRILQIHFWLRQVDQGRXWEUHDNVDVVRFLDWHGZLWKVWUDLQVRI$EDXPDQQLLUHVLVWDQWWRDQWLELRWLFV
RUHYHQH[WHQVLYHO\GUXJUHVLVWDQWDQGSDQGUXJUHVLVWDQWKDVKLJKOLJKWHGWKHODFNRIDYDLODEOHGUXJV WR WUHDW
LQIHFWLRQV E\ WKLV EDFWHULXP ,Q IDFW FDUEDSHQHPUHVLVWDQW $ EDXPDQQLL LV PDUNHG DV RQH RI WKH FULWLFDO
SDWKRJHQVLQWKH:RUOG+HDOWK2UJDQL]DWLRQSULRULW\OLVWIRUUHVHDUFKDQGGHYHORSPHQWRIQHZDQWLELRWLFV>@
7KHUHIRUHWKHDFWLYLW\RIFRPSRXQGVFHDJDLQVW$EDXPDQQLLPDNHVWKHPSURPLVLQJQHZVWDUWLQJSRLQWVIRU
WKHGHYHORSPHQWRIDQWLEDFWHULDODJHQWVDJDLQVWWKLVKLJKSURILOHSDWKRJHQ

 &\WRWR[LFLW\ VWXGLHVLQKXPDQFHOOV 


&RQVLGHULQJWKHUHOHYDQWUHVXOWVREVHUYHGLQWKH;2LQKLELWLRQ'33+UDGLFDOVFDYHQJLQJDQGDQWLEDFWHULDO
VWXGLHV WKH F\WRWR[LFLW\ RI %$'V DQG 7%$'V  ZDV HYDOXDWHG LQ QRUPDO KXPDQ GHUPDO ILEUREODVWV
1+')$GGLWLRQDOO\DPDPPDOLDQEUHDVWFDQFHUFHOO OLQH0&)ZDVLQFOXGHGLQWKLVVWXG\WRHYDOXDWH
WKH DQWLSUROLIHUDWLYH SRWHQWLDO DQG VHOHFWLYLW\ RI WKHVH FRPSRXQGV 7KH ZHOOHVWDEOLVKHG 
GLPHWK\OWKLD]RO\OGLSKHQ\OWHWUD]ROLXPEURPLGH077FHOOSUROLIHUDWLRQDVVD\>@ZDVXVHGLQZKLFK
WKH VROXEOH \HOORZ 077 LV FRQYHUWHG LQWR SXUSOH DQG LQVROXEOH IRUPD]DQ FU\VWDOV E\ DFWLYH PLWRFKRQGULDO
ODFWDWHGHK\GURJHQDVHVRIOLYLQJFHOOV>@,QLWLDOO\ERWKFHOOOLQHVZHUHH[SRVHGWR%$'VDQG7%$'V DW
WKHFRQFHQWUDWLRQRI0GXULQJDSHULRGRIK8QWUHDWHGFHOOVZHUHXVHGDVWKHQHJDWLYHFRQWURODQG
FHOOVWUHDWHGZLWKIOXRURXUDFLO)8DVWKHSRVLWLYHFRQWURO
7KHUHVXOWV7DEOH6VKRZHGWKDWPRVWRIWKHFRPSRXQGVZHUHQRWPDUNHGO\F\WRWR[LFIRU1+')FHOOVDW
 0 $GGLWLRQDOO\ WKH ,& RI K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQH F ZDV GHWHUPLQHG DV D UHSUHVHQWDWLYH
H[DPSOHRIS\ULPLGLQHVFHDQGDYDOXHRI0ZDVREWDLQHG&RQVLGHULQJWKHSRWHQWLDOIXWXUHXVHRI
WKLV W\SH RI FRPSRXQGV LQ WKH WUHDWPHQW RI $ EDXPDQQLL LQIHFWLRQV WKLV FDQ EH DQ LQWHUHVWLQJ UHVXOW DV LW
GHPRQVWUDWHVDSRVVLEOHVHOHFWLYLW\RIWKHVHDJHQWVIRUEDFWHULDOYHUVXVQRUPDOKXPDQFHOOV
2QWKHRWKHUKDQGDPRUHPDUNHGUHGXFWLRQRI0&)FHOOVSUROLIHUDWLRQZDVREVHUYHG)LJXUHDQG7DEOH
6 7KH SKHQ\ODPLQRPHWK\OS\ULPLGLQHV  VHHPHG WR KDYH KLJKHU F\WRWR[LFLW\ WKDQ WKH RWKHU JURXSV RI
FRPSRXQGV 6SHFLILFDOO\ LW LV FOHDU WKDW WKH K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQH G DQG WKH 
SKHQ\ODPLQRPHWK\OHQHS\ULPLGLQHV GHJK KDYH D UHOHYDQW DQWLSUROLIHUDWLYH HIIHFW DW  0 ,Q WKLV ODVW
JURXS WKHSUHVHQFHRIDFKORURRUDFDUER[\OJURXSDWSRVLWLRQRI WKHDURPDWLFULQJ6FKHPHVHHPV WR
LPSURYHWKLVDFWLYLW\ZKHQFRPSDUHGWRWKHFRPSRXQGFRQWDLQLQJWKHQLWUR IJURXS LQ WKHVDPHSRVLWLRQ
)RUWKHSKHQ\ODPLQRPHWK\OHQHS\ULPLGLQHGWKHPRVWF\WRWR[LFFRPSRXQGLQ0&)FHOOVDW0WKH
,& YDOXHZDV0&RQVLGHULQJ LWV VHOHFWLYLW\ IRUFDQFHU FHOOV YHUVXV1+')V WKLV VWUXFWXUHFDQEHD
IXWXUHVWDUWLQJSRLQWWRGHYHORSWKLVFODVVRIFRPSRXQGVDVSRWHQWLDOQRYHODQWLFDQFHUDJHQWV


)LJXUH,QYLWURF\WRWR[LFHIIHFWRIFRPSRXQGVFGDMDQGIOXRURXUDFLO)8LQQRUPDOKXPDQ
GHUPDOILEUREODVWV1+')DQGLQPDPPDOLDQEUHDVWFDQFHUFHOOV0&)5HVXOWVDUHH[SUHVVHGDV
DYHUDJH YDOXHV  6(0 $ S   YHUVXV QHJDWLYH FRQWURO LQ WKH VWDWLVWLFDO VLJQLILFDQFH DQDO\VLV
6WXGHQWVWWHVWZDVREVHUYHGIRUDOOFRPSRXQGV

,Q6LOLFRVWXGLHV

3RRU SKDUPDFRNLQHWLFV DQGRU XQDFFHSWDEOH VLGH HIIHFWV DUH WKH PDLQ UHDVRQV ZK\ WKH PDMRULW\ RI GUXJV
HYDOXDWHG LQ FOLQLFDO WULDOV GR QRW UHDFK WKH PDUNHW >@ 7KXV FRPSXWDWLRQDO DSSURDFKHV WR SUHGLFW WKH
DEVRUSWLRQ GLVWULEXWLRQ PHWDEROLVP H[FUHWLRQ DQG WR[LFLW\ $'0(7 PD\ EH D GHFLVLYH WRRO WR PLQLPL]H
WKHVHULVNV7KH3N&60RQOLQHVRIWZDUHDYDLODEOHIURPKWWSEOHREHULVELRFFDPDFXNSNFVPSUHGLFWLRQLVD
UHFHQWIUHHO\DFFHVVLEOHZHESODWIRUPWKDWDOORZVUDSLGHYDOXDWLRQRISKDUPDFRNLQHWLFDQGWR[LFLW\SURSHUWLHV
DQGZDVKHUHLQXVHG IRU WKH LQVLOLFRHYDOXDWLRQRI WKHGUXJOLNHQHVV
7DEOH6DQGWRSUHGLFW$'0(7SURSHUWLHV7DEOH6IRUWKHVL[PRVWSURPLVLQJS\ULPLGLQHVFGFH
DQGGWHVWHGLQYLWUR


)RXUSDUDPHWH LQFOXGLQJDQQRFWDQROZDWHU
SDUWLWLRQFRHIILFLHQWORJ3QRKLJKHUWKDQDPROHFXODUZHLJKW0:ORZHUWKDQ'DQRPRUHWKDQ
K\GURJHQERQGDFFHSWRUV Q+%$DQGQRPRUHWKDQK\GURJHQERQGGRQRUV Q+%'>@*HQHUDOO\DQ
RUDOO\ DFWLYH GUXJ KDV QR PRUH WKDQ RQH YLRODWLRQ >@ $FFRUGLQJ WR 7DEOH 6 DOO WKHVH S\ULPLGLQHV DUH
VXJJHVWLQJ WKDW WKHVH FRPSRXQGV KDYH
IDYRXUDEOHSURSHUWLHVWRDFFRPSOLVKWKHGUXJOLNHQHVVFULWHULD
7KH SN&60 RQOLQH VRIWZDUH ZDV DOVR XVHG WR SUHGLFW SKDUPDFRNLQHWLF DQG WR[LFLW\ SURSHUWLHV RI
S\ULPLGLQHVFGFHDQGG7DEOH67KHS\ULPLGLQHVFGFHDQGGHQWLUHO\IXOILOWKH
RIILYHDQGDJRRGLQWHVWLQDODEVRUSWLRQZDVSUHGLFWHG+RZHYHUIRUFRPSRXQGVGDQGGHDSRRU&DFR
SHUPHDELOLW\ ZDV HVWLPDWHG ,Q DGGLWLRQ GHVSLWH WKH IDFW WKDW S\ULPLGLQHV H DQG G FDQ EH SRWHQWLDO 3
JO\FRSURWHLQVXEVWUDWHVLWZDVSUHGLFWHGWKDWDOOVWXGLHGFRPSRXQGVVKRXOGQRWEHSRWHQWLDO3JO\FRSURWHLQ,,,
LQKLELWRUV7KHUHIRUHDORZSUREDELOLW\RISKDUPDFRNLQHWLFLQWHUDFWLRQVLQYROYLQJWKLVSURWHLQLVH[SHFWHG$
VLPLODUVLWXDWLRQVKRXOGRFFXULQWKHFDVHRIWKHH[FUHWRU\SURWHLQRUJDQLFFDWLRQWUDQVSRUWHU2&7,QWKH
GLVWULEXWLRQILHOGDJHQHULFWHQGHQF\IRUDORZSUREDELOLW\IRUWKHVHFRPSRXQGVWRDFFHVVWKHFHQWUDOQHUYRXV
V\VWHPZDVHVWLPDWHG&RQFHUQLQJPHWDEROLVPLQZKLFKWKHF\WRFKURPH3LVRIRUPVKDYHDNH\UROHRQO\
WKHSKHQ\ODPLQRPHWK\OHQHS\ULPLGLQHGZDVSUHGLFWHGWREHDSRWHQWLDOVXEVWUDWHRIWKHLPSRUWDQWLVRIRUP
&<3$ ,Q JHQHUDO LW LV H[SHFWHG WKDW S\ULPLGLQHV FG FH DQG G VKRXOG DFFRPSOLVK PRVW RI WKH
SKDUPDFRNLQHWLFDQGWR[LFLW\FULWHULDVWXGLHGKRZHYHUWKHHVWLPDWHGPD[LPXPWROHUDWHGGRVHLQKXPDQVDQG
SRWHQWLDOJHQRWR[LFLW\$PHVWR[LFLW\IRUVHYHUDOFRPSRXQGV 7DEOH6DSSHDUHGWREHWKHSRWHQWLDOPDMRU
SUREOHPV ,Q IDFW D PXWDJHQLF SRWHQWLDO IRU WKH QLWURDURPDWLF GHULYDWLYHV FG H DQG G LV H[SHFWHG DQG
WKHUHIRUH WKLV SRLQW VKRXOG EH H[SHULPHQWDOO\ VWXGLHG DQG WKH XVH RI QRQPXWDJHQLF ELRLVRVWHUHV VKRXOG EH
FRQVLGHUHG

 &RQFOXVLRQ
$VHULHVRIWULVXEVWLWXWHGEDUELWXUDWHVDQGWKLREDUELWXUDWHVVXEVWLWXWHGDWWKHSRVLWLRQZLWKEHQ]\OLGHQH
EHQ]\O SKHQ\OF\DQRPHWK\O DFHW\O K\GUD]LQ\OHWK\OLGHQH SKHQ\OK\GUD]LQ\OHWK\OLGHQH
SKHQ\ODPLQRPHWK\OHQH \OLGHQHXUHDV DQG WKH FRUUHVSRQGLQJ WKLRXUHDV ZHUH V\QWKHVL]HG LQ PRGHUDWH WR


H[FHOOHQW\LHOGV,QDGGLWLRQ WKHDFWLYLW\RIWKHVHFRPSRXQGV DV[DQWKLQHR[LGDVHLQKLELWRUVDQWLR[LGDQWVDV
ZHOO DV DQWLEDFWHULDO DQG DQWLSUROLIHUDWLYH DJHQWV ZDV DOVR HYDOXDWHG 6RPH RI WKH V\QWKHVL]HG EDUELWXUDWHV
ZHUH IRXQG WR KDYH SRWHQWLDO IRU KHDOWKUHODWHG DSSOLFDWLRQV QDPHO\ GLPHWK\O>
SKHQ\OK\GUD]LQ\OHWK\OLGHQH@S\ULPLGLQH+++WULRQH F DQG GLPHWK\O>>
QLWURSKHQ\OK\GUD]LQ\O@HWK\OLGHQH@S\ULPLGLQH+++WULRQHHZKLFKVKRZHGPRGHUDWHLQKLELWLRQ
RI [DQWKLQH R[LGDVH ,& YDOXHV RI  DQG  0 UHVSHFWLYHO\ DQG SRWHQW UDGLFDO GLSKHQ\O
SLFU\OK\GUD]\O VFDYHQJLQJ DFWLYLW\ ,& YDOXHV RI  DQG  0 UHVSHFWLYHO\ $GLWLRQDOO\ >
SKHQ\OK\GUD]LQ\OHWK\OLGHQH@S\ULPLGLQH+++WULRQH G ZDV DOVR KLJKOLJKWHG DV D UHOHYDQW
VWDUWLQJ SRLQW IRU GHYHORSLQJ QHZ UDGLFDO VFDYHQJHUV ,QWHUHVWLQJO\ D VHOHFWLYH DQWLEDFWHULDO HIIHFW RI 
K\GUD]LQ\OHWK\OLGHQHS\ULPLGLQHV FH DJDLQVW $FLQHWREDFWHU EDXPDQQLL  WR  0 0,& YDOXHV ZDV
REVHUYHG ZLWK FRQFRPLWDQW ORZ F\WRWR[LFLW\ LQ QRUPDO KXPDQ GHUPDO ILEUREODVWV 2Q WKH RWKHU KDQG
FRPSRXQG >>FKORURQLWURSKHQ\ODPLQR@PHWK\OHQH@WKLR[RGLK\GURS\ULPLGLQH++GLRQH G
SUHVHQWHGDUHOHYDQWDQGVHOHFWLYHDQWLSUROLIHUDWLYHHIIHFWDJDLQVW0&)FHOOV,& 0,WVKRXOGEH
QRWHG WKDW WKH SUHVHQFH RI D FRQMXJDWHG FDUERQFDUERQ GRXEOH ERQG LQ VRPH RI WKH VWXGLHG EDUELWXULF DQG
WKLREDUELWXULFDFLGGHULYDWLYHVPD\DIIHFWWKHREVHUYHGELRORJLFDODFWLYLW\GXHWRSRVVLELOLW\RIWKHFRPSRXQGV
WRDFWDV0LFKDHODFFHSWRUV>@$FFRUGLQJWRLQVLOLFRVWXGLHVDOOVHOHFWHGS\ULPLGLQHVFGFHDQGG
IXOILOWKH RIILYHDVZHOODVPRVWRIWKHSKDUPDFRNLQHWLFDQGWR[LFLW\FULWHULDGHWHUPLQHGIRUWKH
GLIIHUHQW $'0(7 SDUDPHWHUV 7KHUHIRUH D QRYHO FRPSRXQG FODVV ZLWK PHPEHUV EHDULQJ [DQWKLQH R[LGDVH
LQKLELWRU\DFWLYLW\DQWLR[LGDQWHIIHFWVDVZHOODVDQWLSUROLIHUDWLYHDFWLRQDQGWKHDELOLW\WRLQKLELWWKHJURZWK
RI$FLQHWREDFWHUEDXPDQQLLZDVUHYHDOHG+RZHYHUIXWXUHVWXGLHVVKRXOGEHSHUIRUPHGWRLPSURYHQRWRQO\
WKHSRWHQF\DQGVHOHFWLYLW\RIWKLVIDPLO\RIFRPSRXQGVEXWDOVRLWVSKDUPDFRNLQHWLFV
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 ([SHULPHQWDOVHFWLRQ
&KHPLVWU\
$OO UHDJHQWV ZHUH SXUFKDVHG IURP FRPPHUFLDO VXSSOLHUV DQG XVHG ZLWKRXW IXUWKHU SXULILFDWLRQ 5HDFWLRQV
ZHUH PRQLWRUHG E\ WKLQOD\HU FKURPDWRJUDSK\ 7/& RQ 0HUFN1DJHO  *89  PP SODWHV ZKLFK
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ZHUHYLVXDOL]HGE\XOWUDYLROHW89GHWHFWLRQ0HOWLQJSRLQWVZHUHUHFRUGHGRQD%FKL%PHOWLQJSRLQW
DSSDUDWXV DQG DUH XQFRUUHFWHG ,QIUDUHG ,5 VSHFWUD ZHUH REWDLQHG ZLWK 7KHUPR )LVKHU 6FLHQWLILF 1LFROHW
L6 VPDUW L75 LQIUDUHG VSHFWURSKRWRPHWHU HTXLSSHG ZLWK D GLDPRQG $75 FU\VWDO XVLQJ 201,& 
VRIWZDUH7KHVDPSOHVSHFWUDZHUHFROOHFWHGDWURRPWHPSHUDWXUHLQWKHFPUDQJHE\DYHUDJLQJ
VFDQV DW D VSHFWUDO UHVROXWLRQ RI  FP +  0+] DQG &  0+] 105 VSHFWUD ZHUH
SHUIRUPHGRQD%UNHU$YDQFH,,,0+]VSHFWURPHWHUDQGZHUHSURFHVVHGZLWKWKHVRIWZDUH0HVW5H1RYD
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'062G + DQG & 
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7KHFKHPLFDOVKLIW YDOXHVDUHJLYHQLQSDUWVSHUPLOOLRQSSP
DQGWKHFRXSOLQJFRQVWDQWV-DUHJLYHQLQ+HUW]+]7KHPXOWLSOLFLW\RIWKHVLJQDOVLVUHSRUWHGDVVVLQJOHW
G GRXEOHW GG GRXEOHW RI GRXEOHWV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GRXEOHW RI WULSOHWV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WULSOHW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SSP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1+&1+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&2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&2  &&+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 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
,QYLWURDFWLYLW\
 ;DQWKLQHR[LGDVH LQKLELWRU\DFWLYLW\ 
  3UHSDUDWLRQRI VDPSOH VROXWLRQV 
$OODVVD\HGFRPSRXQGVZHUHGLVVROYHGLQ'062LQDFRQFHQWUDWLRQRIP0IRUWKHLQLWLDOVFUHHQLQJDQG
P0IRUWKHFRQFHQWUDWLRQUHVSRQVHVWXGLHV$P0[DQWKLQHVWRFNVROXWLRQZDVSUHSDUHGLQDP0
DTXHRXV1D2+VROXWLRQ$OOVWRFNVROXWLRQVZHUHVWRUHGDW&DQGWKHGLOXWHGVROXWLRQVZHUHSUHSDUHGLQ
P0GLK\GURJHQSKRVSKDWHEXIIHUS+EHIRUHHDFKH[SHULPHQW7KHFRQFHQWUDWLRQVLQHDFKZHOOZHUH
 UHVSRQVH
VWXGLHV 7KH ILQDO FRQFHQWUDWLRQ RI '062 LQ HDFK ZHOO ZDV  DQG QR VLJQLILFDQW LQWHUIHUHQFH ZLWK WKH
HQ]\PHDFWLYLW\ZDVREVHUYHGGDWDQRWVKRZQ
 ([SHULPHQWDO SURFHGXUH 
7KH [DQWKLQH R[LGDVH ;2 DFWLYLW\ ZDV VSHFWURSKRWRPHWULFDOO\ GHWHUPLQHG E\ TXDQWLI\LQJ WKH XULF DFLG
IRUPDWLRQIURP[DQWKLQHDGDSWLQJWKHPHWKRGVRI=KDRHWDO>@DQG*XSWDHWDO>@)RUHDFKHVVD\
HDFKZHOORIDZHOO
SODWHIROORZHGE\DSUHLQFXEDWLRQDW&IRUPLQXWHV7KHHQ]\PDWLFUHDFWLRQVWDUWHGDIWHUWKHDGGLWLRQRI
 DQG IXUWKHU LQFXEDWLRQ DW  & GXULQJ  PLQ 7KH DEVRUEDQFHV ZHUH
PHDVXUHGDWQPDQGDWHYHU\PLQXWHZLWKVHFRQGVRIDFRQVWDQWDQGDXWRPDWLFVORZVWLUULQJEHIRUH
HDFKUHDGLQJ'LK\GURJHQSKRVSKDWHEXIIHUP0S+ZDVXVHGDVQHJDWLYHFRQWURODQGDOORSXULQRODVD
SRVLWLYHFRQWURO ,QRUGHU WRGLVFRXQW WKHDEVRUEDQFHRIHDFKFRPSRXQGDW WKLVZDYHOHQJWKDEODQNVDPSOH
IRUPHG7KUHHLQGHSHQGHQWH[SHULPHQWVHDFK
RQH LQ WULSOLFDWH ZHUH SHUIRUPHG 7KH SHUFHQWDJH RI HQ]\PH LQKLELWLRQ IRU HDFKFRPSRXQG ZDV FDOFXODWHG
DFFRUGLQJWRWKHIROORZLQJIRUPXOD
RILQKLELWLRQ >$EVVDPSOH $EVEODQNRIVDPSOH$EVQHJDWLYHFRQWURO@î
7KHGLUHFWEUHDNGRZQRIXULFDFLGE\ WKHV\QWKHWL]HG%$'VDQG7%$'V ZDV VSHFWURSKRWRPHWULFDOO\
VWXGLHGLQH[SHULPHQWDOFRQGLWLRQVVLPLODUWRWKHHVWDEOLVKHGLQHQ]\PDWLFLQKLELWLRQDVVD\V)RUHDFKDVVD\


ZHOOSODWH7KH
DEVRUEDQFHVZHUHPHDVXUHGDWQPDIWHUIXUWKHULQFXEDWLRQDW&GXULQJPLQ,QRUGHUWRGLVFRXQWWKH
DEVRUEDQFHRIHDFKFRPSRXQGDWWKLVZDYHOHQJWKDEODQNVDPSOHFRQ
RI EXIIHU ZDV SHUIRUPHG 7KUHH LQGHSHQGHQW H[SHULPHQWV HDFK RQH LQ WULSOLFDWH ZHUH SHUIRUPHG 1R
VLJQLILFDQWLQWHUIHUHQFHZLWKXULFDFLGOHYHOVZDVREVHUYHGIRUDQ\FRPSRXQGXQGHUVWXG\

 5DGLFDOVFDYHQJLQJDFWLYL W\
  3UHSDUDWLRQRI VDPSOH VROXWLRQV 
$OODVVD\HGFRPSRXQGVZHUHGLVVROYHGLQ'062LQDP0FRQFHQWUDWLRQDQGVWRUHGDW&7KHGLOXWHG
VROXWLRQVZHUHSUHSDUHGLQHWKDQROEHIRUHHDFKH[SHULPHQW7KHFRQFHQWUDWLRQVLQHDFKZHOOZHUH
IRUWKHLQLWLDOVFUHHQLQJDVZHOODV UHVSRQVHVWXGLHV
 ([SHULPHQWDO SURFHGXUH 
7KHUDGLFDOVFDYHQJLQJDFWLYLW\ZDVVSHFWURSKRWRPHWULFDOO\GHWHUPLQHGE\WKHTXDQWLILFDWLRQRIWKH'33+
UHGXFWLRQH[WHQVLRQE\ WKHFRPSRXQGVXQGHUVWXG\DFFRUGLQJWR=KDRHWDO>@DQG1LFRODLGHVHWDO >@
7KHUHDFWLRQPL[WXUHFRQWDLQHG
FDSDFLW\RIHDFKFRPSRXQGWRUHGXFH'33+ZDVIROORZHGE\PHDVXULQJWKHDEVRUEDQFHDWQPDIWHU
DQGPLQXWHV7KHVROXWLRQVUHPDLQHGLQWKHDEVHQFHRIOLJKWEHWZHHQPHDVXUHPHQWV(WKDQROZDVXVHGDV
WKHQHJDWLYHFRQWURODQG7UROR[DVWKHSRVLWLYHFRQWURO7RGLVFRXQWWKHDEVRUEDQFHRIHDFKFRPSRXQGDW
QPIRUHDFKWHVWFRPSRXQGDEODQNZDVSHUIRUPHGZKHUH'33+ZDVUHSODFHGE\HWKDQRO7KUHHLQGHSHQGHQW
H[SHULPHQWVZHUHSHUIRUPHGHDFKRQHLQWULSOLFDWH7KHUHGXFWLRQFDSDFLW\RI'33+ZDVFDOFXODWHGDFFRUGLQJ
WRWKHIROORZLQJIRUPXOD
5HGXFWLRQ >$EVVDPSOH$EVVDPSOHEODQN$EVQHJDWLYHFRQWURO@î
 $QWLEDFWHULDO DFWLYL W\ 
  6DPSOHVROXWLRQV EDFWHULDVWRFNDQGJURZWKFRQGLWLRQV 


$OOWKHWHVWHGFRPSRXQGVZHUHGLVVROYHGLQ'062LQDFRQFHQWUDWLRQRIP0VWRUHGDW&DQGGLOXWHG
ZLWKFXOWXUHPHGLXPEHIRUHDVVD\V
7KHIROORZLQJVWUDLQVZHUHXVHGLQWKHVWXG\%DFLOOXVFHUHXV$7&&6WDSK\ORFRFFXVDXUHXV$7&&
(VFKHULFKLDFROL$7&&.OHEVLHOODSQHXPRQLDH$7&&3VHXGRPRQDVDHUXJLQRVD$7&&
6DOPRQHOODHQWHULFDVXEVSHQWHULFDVHURYDU7\SKLPXULXP$7&&DQG$FLQHWREDFWHUEDXPDQQLL
/0*$OOEDFWHULDOFXOWXUHVZHUH VWRFNHGDW  & LQPHGLXPZLWKJO\FHURO7KHEDFWHULDZHUH
VXEFXOWXUHGRQ0HOOHU+LQWRQ$JDUDQGLQFXEDWHGRYHUQLJKWDW&SULRUWRHDFKDQWLPLFURELDODVVD\

 'HWHUPLQDWLRQRI PLQLPXPLQKLELWRU\FRQFHQWUDWLRQ0,& 
7KHDQWLEDFWHULDODFWLYLW\RIWKHWHVWFRPSRXQGVZDVVWXGLHGE\PHDVXUHPHQWRI0,&E\EURWKPLFURGLOXWLRQ
PHWKRGDFFRUGLQJZLWK&/6,JXLGHOLQHV0$7KHFRPSRXQGVZHUHWZRIROGVHULDOO\GLOXWHGLQDZHOO
SODWHZLWK0HOOHU+LQWRQ%URWK0+%WRDYROXPHRI/WRJLYHDILQDOFRQFHQWUDWLRQUDQJHIURPWR
 0 7KH PD[LPXP '062 FRQFHQWUDWLRQ ZDV  YY %DFWHULDO VXVSHQVLRQV ZHUH SUHSDUHG IURP
RYHUQLJKWFXOWXUHXVLQJVWHULOHVDOLQHVROXWLRQLH1D&OZYDGMXVWHGWR0F)DUODQGDQGGLOXWHG
ZLWK0+%7KHQ/RIVXVSHQVLRQZDVDGGHGWRHDFKZHOOWRDILQDOFRQFHQWUDWLRQRIDERXWîFRORQ\
IRUPLQJXQLWVPODQGWKHSODWHZDVLQFXEDWHGDW&IRUK6WHULOLW\VROYHQWDQGJURZWKFRQWUROVZHUH
LQFOXGHG LQ WKH DVVD\V DOVR WHWUDF\FOLQH ZDV XVHG DV UHIHUHQFH 7KH 0,& ZDV GHILQHG DV WKH ORZHVW
FRQFHQWUDWLRQDWZKLFKQRJURZWKZDVYLVXDOO\REVHUYHG(DFKWHVWZDVFDUULHGRXWDWOHDVWWKUHHLQGHSHQGHQW
WLPHVDQGPRGDO0,&YDOXHVZHUHVHOHFWHG
 &\WRWR[LFLW\ LQ KXPDQFHOO O LQHV 
 3UHSDUDWLRQRI VDPSOH VROXWLRQV 
$OOWKHWHVWHGFRPSRXQGVZHUHGLVVROYHGLQ'062LQDFRQFHQWUDWLRQRIP0DQGVWRUHGDW&)URP
WKLV VROXWLRQ VHYHUDO VROXWLRQVRI WKH FRPSRXQGV LQ VWXG\ZHUHSUHSDUHGE\ WKHLU DGHTXDWHGLOXWLRQV LQ WKH
FRPSOHWHFXOWXUHPHGLXPEHIRUHHDFKH[SHULPHQW7KHPD[LPXP'062FRQFHQWUDWLRQLQWKHVWXGLHVZDV
YYDFRQFHQWUDWLRQZLWKQRVLJQLILFDQWHIIHFWRQFHOOSUROLIHUDWLRQGDWDQRWVKRZQ


 &HOOVFXOWXUHV 
7KHFHOOVXVHGLQWKLVVWXG\ZHUHKXPDQEUHDVWFDQFHUFHOOV0&)DQGQRUPDOKXPDQGHUPDOILEUREODVWV
1+')DQGZHUHREWDLQHGIURP$PHULFDQ7\SH&XOWXUH&ROOHFWLRQ$7&&7KHVHFHOOVZHUHPDLQWDLQHGDW
&LQDKXPLGLILHGDWPRVSKHUHFRQWDLQLQJ&20&)FHOOVZHUHFXOWXUHGLQKLJKJOXFRVH'XOEHFF
DQWLELRWLFDQWLP\FRWLF XQLWVP/SHQLFLOOLQPJP/VWUHSWRP\FLQDQGJP/DPSKRWHULFLQ%
7KH 530, PHGLXP VXSSOHPHQWHG ZLWK  IHWDO ERYLQH VHUXP )%6 /JOXWDPLQH  P0 +(3(6 
P0VRGLXPS\UXYDWHP0DQGDQWLELRWLFDQWLP\FRWLFZDVXVHGWRFXOWXUH1+')FHOOV7KHFHOOVXVHG
LQWKHH[SHULPHQWVZHUHXVHGLQSDVVDJHVWR0&)DQGWR1+')
 077DVVD\ 
7KHFHOOSUROLIHUDWLRQZDVHYDOXDWHGE\TXDQWLI\LQJWKHH[WHQWRIWKHUHGXFWLRQRIGLPHWK\OWKLD]RO
\OGLSKHQ\OWHWUD]ROLXPEURPLGH 077DFFRUGLQJ WRDSUHYLRXVO\GHVFULEHGSURFHGXUH>@&HOOVZHUH
VHHGHGLQZHOOSODWHVîFHOOVP/LQWKHFXOWXUHPHGLXPDQGDIWHUKRIDGKHUHQFHWKH\ZHUHWUHDWHG
ZLWKWKHGLIIHUHQWFRPSRXQGVDQGFRQFHQWUDWLRQVXQGHUVWXG\IRUK8QWUHDWHGFHOOVZHUHXVHGDVQHJDWLYH
FRQWURODQG)8DVSRVLWLYHFRQWURO$WWKHHQGRI LQFXEDWLRQWKHPHGLXPZDVUHPRYHGDQGUHSODFHGZLWK
IUHVKFXOWXUHPHGLXPDQG077VROXWLRQ>PJP/LQSKRVSKDWHEXIIHUVDOLQH1D&OP0.&OP0
1D+32  P0 DQG .+32  P0 S+ @ DQG IXUWKHU LQFXEDWHG DW  & GXULQJ  K 7KHQ WKH
PHGLXPFRQWDLQLQJ 077 ZDV UHPRYHG DQG IRUPD]DQ FU\VWDOV ZHUH GLVVROYHG ZLWK '062 IROORZHG E\
DEVRUEDQFHUHDGLQJVDWQP7KHF\WRWR[LFLW\ZDVH[SUHVVHGDVWKHUHODWLYHFHOOSUROLIHUDWLRQLQSHUFHQWDJH
LQFRPSDULVRQZLWKWKHQHJDWLYHFRQWUROFHOOV

6WDWLVWLFV
7KHUHVXOWVDUHH[SUHVVHGDVPHDQYDOXHVVWDQGDUGHUURURIWKHPHDQ6(0DQGDUHUHSUHVHQWDWLYHRIOHDVW
WZR LQGHSHQGHQW H[SHULPHQWV 7KH GLIIHUHQFH EHWZHHQ JURXSV ZDV FRQVLGHUHG VWDWLVWLFDOO\ VLJQLILFDQW DW
S 6WXGHQWV WWHVW 7KH ,& YDOXHV ZHUH FDOFXODWHG E\ VLJPRLGDO ILWWLQJ DQDO\VLV FRQVLGHULQJ D 
FRQILGHQFHLQWHUYDO



,QVLOLFRVLPXODWLRQV
7KHVWUXFWXUHVRIWHVWHGFRPSRXQGVZHUHPDQXDOO\GUDZQLQ&KHP%LR'UDZVRIWZDUHDQGWKH60,/(6
QRWDWLRQ ZDV REWDLQHG IRU HDFK PROHFXOH
SKDUPDFRNLQHWLF DEVRUSWLRQ GLVWULEXWLRQ PHWDEROLVP DQG H[FUHWLRQ DQG WR[LFLW\ SURSHUWLHV WKH 60,/(6
QRWDWLRQ LQ 3N&60 RQOLQH VRIWZDUH DYDLODEOH IURP KWWSEOHREHULVELRFFDPDFXNSNFVPSUHGLFWLRQ
DFFHVVHGDWZDVHPSOR\HG>@
$FNQRZOHGJPHQWV
7KLVZRUNLVVXSSRUWHGE\)('(5IXQGVWKURXJKWKH32&, &203(7(2SHUDWLRQDO3URJUDPPH
&RPSHWLWLYHQHVVDQG,QWHUQDWLRQDOL]DWLRQLQ$[LV, 6WUHQJWKHQLQJUHVHDUFK WHFKQRORJLFDOGHYHORSPHQWDQG
LQQRYDWLRQ 3URMHFW 32&,)('(5 DQG 1DWLRQDO )XQGV E\ )&7  )RXQGDWLRQ IRU 6FLHQFH
DQG 7HFKQRORJ\ 3URMHFW 8,'0XOWL  7KH DXWKRUV DOVR DFNQRZOHGJH WKH FRQWULEXWLRQ RI 'U
$GULDQD6DQWRVIRUWKHUHYLVLRQRIZULWWHQ(QJOLVK
5HIHUHQFHV
>@-:'XQGHH3'$0F,OUR\7KHKLVWRU\RIWKHEDUELWXUDWHV$QDHVWKHVLD 
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